Objective: The initial stages of atherosclerosis have been shown to occur in children as young as 3. Elevated total and LDL cholesterol concentrations and low HDL concentrations are a well-established risk factor for atherosclerosis. The objective of this study was to investigate the dietary determinants of blood lipid concentrations at 31 months of age. Subjects: A randomly selected group of children (214 boys, 175 girls) in south-west England forming part of the Avon Longitudinal Study of Pregnancy and Childhood (ALSPAC) cohort. Design: Three-day dietary records were obtained at 18 months. At 31 months a non-fasting blood sample was taken and analysed for total and HDL cholesterol and triglyceride, and measures of height and weight were taken. Results: Among boys, total cholesterol concentrations were positively associated with the intake of total fat (r 0.209, P 0.002) and saturated fatty acids (r 0.211, P 0.002). Among girls, HDLC was positively associated with energy intake (r 0.204, P 0.018), and negatively associated with intakes of polyunsaturated fat, saturated fat and sugar in multivariate analysis. There were no associations between the intakes of non-starch polysaccharides (®bre) or dietary cholesterol and total or HDL cholesterol concentrations in either sex. Among boys, higher intakes of breakfast cereals were associated with lower total cholesterol (r À0.187, P 0.008). Among girls, higher intakes of biscuits and meat and meat products were associated with higher HDLC concentrations. Conclusions: These data suggest that the dietary determinants of blood lipid concentrations differ between boys and girls. Reducing saturated fat intake in boys would be likely to lead to an improvement in blood lipid pro®les. In this study there is no evidence to suggest that an increase in the intake of polyunsaturated fat by pre-school children would result in improved blood lipid pro®les.
Introduction
It is well-established that high blood concentrations of total and low-density lipoprotein cholesterol (LDLC) and low concentrations of high-density lipoprotein cholesterol (HDLC) are risk factors for atherosclerosis, and thus for cardiovascular disease. The initial stages of atherosclerosis occur in childhood, and fatty streaks have been found in the arteries of children as young as 3 (McGill, 1980) . Postmortem studies have shown that the relationship between blood lipid levels and the extent of atherosclerotic lesions is already present in childhood (Newman et al, 1986; Berenson et al, 1998) . Dietary patterns in childhood which are associated with lower total and LDLC or higher HDLC might therefore reduce the risk of cardiovascular disease developing later in life.
Since the late 1950s a plethora of studies relating dietary composition to blood lipid pro®les have been performed. The early studies tended to concentrate on the intakes of total, saturated, monounsaturated and polyunsaturated fat, and consistently found that saturated fat tends to increase total cholesterol concentrations, while polyunsaturated fat tends to reduce them (Keys et al, 1957; Hegsted et al, 1965) . Later studies looked at the relationship of fat intakes to the LDLC and HDLC fractions, and found that LDLC concentrations behaved in a similar way to total cholesterol, while the effect of fatty acid intakes on HDLC was less clear; some studies found an increase with greater polyunsaturated fat intake while others found a decrease (Grundy & Denke, 1990; Clarke et al, 1997) . It has now become apparent that the intakes of a large number of foods and nutrients may be of importance, including the type of carbohydrate (Tillotson et al, 1997) , ®bre (Jenkins et al, 1993; Spiller, 1996) , ®sh oils (Connor & Connor, 1997) , trans fatty acids, soya-based foods (Anderson et al, 1999) and fruit and vegetables (Lampe, 1990) .
Most studies on the relationship between diet and blood lipids have been performed on infants, adults and school-age children. Pre-school children have been neglected, but may be a particularly important group as dietary habits are known to be formed very early in life, and blood lipid concentrations track from early to late childhood (Freedman et al, 1992a; Sanchez-Bayle et al, 1996) . A number of intervention studies have examined the effect of supervised low-saturated fat, low-cholesterol diets on cholesterol concentrations in infants and young children, and found that they lead to a reduction in total cholesterol Goldberg, 1976; Niinikoski et al, 1996; Jackson et al, 1998; Simell et al, 1999) . However, it had been feared that unsupervised implementation of the dietary recommendations to reduce cholesterol levels which are applied to adults and older children (low total and saturated fat, high ®bre etc.) might result in inadequate diets in very young children which could compromise growth. One study in Canada has found unsupervised low-fat diets in pre-school children to be associated with inadequate intakes of vitamins A, E and D (Vobecky et al, 1995) .
There are very few observational studies on the relationship between composition of the diet, blood lipid concentrations and growth in representative populations of free-living, normolipidaemic pre-school children. The results of these are mixed. The largest is the National Diet and Nutrition Survey (Gregory et al, 1995) , which investigated 1675 children in Britain aged from 1 1 2 to 4 1 2 . In this survey correlation coef®cients were calculated between total and HDL cholesterol levels and the absolute intakes of total fat, saturated fatty acids (SFA), monounsaturated fatty acids (MUFA), trans fatty acids, n-6 and n-3 polyunsaturated fatty acids (PUFA) and dietary cholesterol, and also with the percentage of energy from total fat and SFA. The only signi®cant correlation between dietary intake and total cholesterol concentration was with dietary cholesterol. However, HDLC was signi®cantly positively associated with all types of fat intake at ages 2 1 2 to 3 1 2 , except for n-6 polyunsaturates, which were negatively associated with HDLC.
In a Canadian study 500 children were followed from the ages of 3 to 6, and classi®ed according to the percentage of energy from fat in their diet (less than 30%, 30 ± 40% and more than 40%) (Vobecky et al. 1995) . Serum total cholesterol concentrations were only associated with the fat content of the diet at age 6, and were signi®cantly higher in those obtaining more than 40% of their energy from fat. Andersen et al (1979) analysed the relationship between dietary intakes and blood lipids among 31 infants and 64 3 to 4-y-olds in Denmark. At 6 ± 10 months, total and LDL cholesterol were positively associated with saturated fat intakes, and negatively associated with the ratio of polyunsaturated:saturated fat. In the 3 to 4-y-old children there were no signi®cant associations between diet and blood lipid concentrations. Shea et al (1991) studied 108 3 to 4-y-old Hispanic children in New York. Total and LDL cholesterol were signi®cantly positively associated with energy-adjusted fat intakes, and LDL cholesterol concentrations were also associated with energy-adjusted total fat intake. There were no associations between nutrient intakes and HDLC. Nicklas et al (1988) analysed data from 50 children in Bogalusa, Louisiana, who were repeatedly assessed between the ages of 6 months and 4 y. Few signi®cant relationships between diet and blood lipids were found. At 6 months dietary cholesterol was positively associated with LDLC, and children who consistently had intakes of cholesterol per 1000 kcal in the upper tertile had higher LDLC concentrations at 4 and 7 y. PUFA intake was negatively correlated with HDLC at 2 and 3 y. Total and saturated fat intakes were not signi®cantly associated with blood lipid concentrations.
Only one of these studies has adjusted nutrient intake for energy consumption in the recommended way (Shea et al, 1991) , none has investigated the effect of nutrient intakes on the T:HDLC ratio, and only two have analysed the data from boys and girls separately (Gregory et al, 1995; Niinikoski et al, 1996) . Most studies have examined only fatty acid and cholesterol intake, and have not undertaken any multivariate analysis to determine which nutrients have independent effects on blood lipid levels. Furthermore, we are aware of no studies which have investigated the effect of different patterns of food consumption on blood lipid levels in pre-school children. As part of the Avon Longitudinal Study of Pregnancy and Childhood (ALSPAC) we have collected detailed dietary information on a large group of pre-school children, along with measurements of blood lipids, and detailed background information. The aim of this study was to investigate the dietary determinants of total, HDL and LDL cholesterol concentrations in these children.
Methods

Study sample and design
This study form part of ALSPAC, a geographically based cohort study investigating factors in¯uencing the health and development of children. All pregnant women resident within a de®ned part of the country of Avon in south-west England with an expected data of delivery between April 1991 and December 1992 inclusive were eligible. Between 80 and 90% of these enrolled (14 893 pregnancies). The study has been described in more detail elsewhere (Golding & ALSPAC, 1996; website: www.ich.bris.ac.uka alspac.html) . Compared to the 1991 National Census data of mothers with infants under 1 y who were resident in Avon, the ALSPAC population demonstrated a slight short-fall in those living in rented accommodation, those without a car, single-parent families and unmarried cohabiting couples. There were also a smaller proportion of mothers from ethnic minorities. A proportion of the children born in the last 6 months of the study (equivalent to 10% of the whole cohort) were selected at random to take part in a substudy known as Children in Focus (CIF). These children attended research clinics at which a variety of physical and developmental measures were taken approximately every 6 months. The mothers of those attending the clinics showed a bias towards the higher educational groups, older mothers and those in owner-occupied accommodation when compared to the whole ALSPAC sample. Nevertheless, there were still a large number of families in the lower socioeconomic groups, for example 111 (10%) of the families attending the 18-month CIF clinic were living in councilprovided accommodation.
The dietary information used in this study was obtained at the CIF clinic held when the children were 18 months of age, ie between January and June 1994. The blood samples for lipid analysis were taken at the clinic held when the children were 31 months of age, ie between February and July 1995. Ethical approval for the study was obtained from the ALSPAC Ethics and Law Sub-Committee and from the three Medical Research Ethics Committees in the Avon study area.
Dietary assessment
Diet was assessed using a 3-day unweighted dietary record. A week before the clinic appointment three 1 day dietary diaries were sent to the carer of the child with an instruction lea¯et. The carer was instructed to complete the diaries by recording everything the child ate and drank in household measures for two weekdays and one weekend day (not necessarily consecutive), and to bring the completed diaries with them to the clinic. At the clinic the carer was interviewed by a trained assistant to check for completeness and to clarify any uncertainties in the diaries, such as cooking methods or types of bread and milk used.
The dietary records were coded and checked by a nutritionist (IC). A different nutritionist rechecked an additional 10% of the dietary records. The computer programme DIDO (Data In, Diet Out), which is designed for direct entry of dietary records (Price et al, 1995) , was used for the coding. This programme is designed around a hierarchical menu of food codes and portion sizes and has been shown to improve speed and accuracy of coding compared with manual methods. This was used in conjunction with a database consisting of the 5th edition of McCance and Widdowson's Composition of Foods and Supplements to generate mean daily nutrient intakes for each child. The database was checked for foods with missing nutrient data, and any missing values were replaced with an estimate based on a similar food (Cowin & Emmett, 1999) . Nutrient intakes from supplements were not assessed Ð 17.8% of children were reported to take a dietary supplement of some kind. The methods used to analyse the dietary data at 18 months have been discussed in more detail elsewhere (Cowin et al, 2000b) .
Information on type of milk normally used was obtained via a self-completion questionnaire sent out when the child was aged 24 months.
Measurement of blood lipids
At 31 months a non-fasting blood sample was obtained by venepuncture, not less than 50 min after the application of EMLA 1 local anaesthetic cream. The blood was collected into a Sarstedt tube containing serum separation gel with clotting activator. The serum was stored brie¯y at À20 C and then at À70 C prior to analysis using an RA400 spectrophotometer (Technicon RA Systems, now Bayer Diagnostics), which was calibrated regularly using a Technicon SETpoint calibrator. Triglyceride and total cholesterol were measured using standard enzymatic colorimetric tests. HDLC was measured in the same way as total cholesterol after precipitation of LDLC using a Bayer kit. LDLC was calculated using the Firedwald equation. As the accuracy of the estimates of LDLC obtained using the Firedwald equation decreases when the triglyceride level is greater than 2 mmolal, LDLC concentrations were not calculated when this was the case. The method of analysis was validated at regulated intervals for selected samples by comparing our results with those obtained by a hospital laboratory using the same samples.
Measurement of height, weight and birthweight
At 31 months standing height was measured to the nearest 0.1 cm using a Leicester height measure. Weight was measured to the nearest 100 g with the child wearing only underwear, using a Seca scale, model 835. This has been described in more detail elsewhere (Cowin et al, 2000a) . The birthweight was noted from hospital records.
Objective
To investigate the relationship between total, HDL and LDL cholesterol concentrations at 31 months and the intakes of the following nutrient at 18 months. Energy; total fat; saturated fatty acids (SFA); monounsaturated fatty acids (MUFA) and polyunsaturated fatty acids (PUFA); the ratio of polyunsaturated to saturated fatty acids (P:S ratio); dietary cholesterol; total carbohydrate; starch and sugar; protein; ®bre measured as non-starch polysaccharides (NSP); and vitamin C. The relationship to intakes of the following foods was also studied: breakfast cereals; biscuits; crisps, any meat; any vegetables; fresh fruit; chocolate; and types of milk and spreading fats used.
These foods and nutrients were chosen based on the results of adult studies, and consideration of the foods likely to be major sources of particular nutrients (such as fatty acids, vitamin C and NSP) in children of this age. The contributions of various food groups to total fat and fatty acid intakes in these children are shown in Appendix 1.
Statistical analyses
Twins were excluded from statistical analysis. Children from non-white ethnic groups were also excluded from statistical analyses, as there is evidence that blood lipid metabolism is affected by ethnicity (Freedman et al, 1987 (Freedman et al, , 1992b , and there were too few children from non-white ethnic groups to analyze separately. All analyses were performed separately for boys and girls.
Nutrient intakes and blood lipid concentrations
Most nutrient intakes are positively associated with energy intake. Therefore, in order to determine whether nutrient blood ± lipid relationships were independent of energy intake, nutrient variables were energy-adjusted according to the method of Willett and Stampfer (1986) . The intakes of polyunsaturated fat, cholesterol and vitamin C were transformed to the natural logarithm to normalize the distribution prior to energy-adjustment.
Bivariate associations between blood lipids and nutrient intakes were investigated using Spearman correlations. The blood lipid variables used were total cholesterol, HDLC, LDLC and the ratio of total:HDL cholesterol (T:HDLC). As the blood samples were non-fasting, and triglyceride concentrations are affected by time since and composition of the last meal, triglyceride concentrations were not included in this analysis. The nutrient variables used were energy and the energy-adjusted intakes of total fat, saturated, monounsaturated and polyunsaturated fatty acids, total carbohydrate, starch and sugar, NSP, protein and vitamin C.
Regression analysis was used to build multivariate models to predict total cholesterol, HDLC and T:HDLC from nutrient intakes. T:HDLC was transformed to the natural logarithm in order to reduce skewness in the distribution. The nutrient predictor variables used were energy and the energy-adjusted intakes of SFA, MUFA and PUFA, starch and sugar, NSP and vitamin C. Starch and sugar were included in the model instead of total carbohydrate, and the fatty acids instead of total fat in order to minimize the correlation between the nutrient variables. Initially, all the nutrient variables were entered into the regression model simultaneously in order to see which were signi®cantly associated with blood lipid concentrations after controlling for all the others. Then backwards stepwise regression was carried out to see which nutrients remained in the ®nal model, ie the least signi®cant variable was removed from the model sequentially until all variables remaining in the model had a P-value of less than 0.10.
Energy-adjusted nutrient intakes among children in the top and bottom 20% of the distribution of total cholesterol and HDLC were compared by Student's t-test.
Food consumption and blood lipids
Total cholesterol and HDLC concentrations in children who did and did not consume particular foods were compared using Student's t-test. The foods investigated were biscuits, crisps, chocolate, any meat, green leafy vegetables, any vegetables, butter, fresh fruit, and various kinds of spreading fats. For selected foods we also calculated the Spearman correlation between the weight of the food eaten and blood lipid concentrations in consumers only. These foods were breakfast cereals, biscuits, fresh fruit, vegetables, meat, chocolate and polyunsaturated and non-polyunsaturated margarines.
One-way analysis of variance was used to compare blood lipid concentrations according to the main type of milk the children were given at 2 y of age.
Nutrient intakes and anthropometry
Spearman correlation coef®cients were calculated between energy and energy-adjusted nutrient intakes at 18 months and height and BMI at 31 months. All analyses were performed using the statistical package SPSS.
Results
Response rate
A total of 1341 children were invited to the clinic at 18 months, of whom 1183 attended. Dietary records were received form 1026 children (77% of those invited), 563 boys and 463 girls. A total of 1305 children were invited to the 31 month clinic of whom 1135 attended. The mothers of 926 children gave consent for a blood sample to be taken. However, due to the practical dif®culties with taking blood from children of this age, blood samples were only actually obtained from 680 children, and not all of these samples were large enough for a full lipid analysis. Total cholesterol concentrations were successfully measured in 496 of the samples (43.7%) of attendees), triglyceride in 496 and HDLC concentrations were measured in 372 samples, allowing calculation of T:HDLC in 368 children. The triglyceride concentration was less than 2 mmolal in 410 samples, allowing calculation of LDLC for 310 children. The number of cases used in each analysis (ie where both a blood lipid measurement and a diet record were available) is given in the tables.
Representativeness of the sample
In order to check that those children from whom we obtained blood samples were representative of the CIF sample as a whole, we compared the anthropometric measurements of children who did and did not have blood taken. At 31 months boys who had a blood sample taken were marginally heavier (14.2 vs 13.9 kg, P 0.063) than those who did not, and had a slightly higher BMI 16.7 vs 16.4 kg m À2 , P 0.057). There were no anthropometric differences between those who did and did not have a blood sample taken among girls. The intakes of energy, total carbohydrate, starch, sugar, total fat and the fatty acids, and vitamin C were compared in those children who did and did not have a blood lipid measurement available. The only signi®cant difference was a lower intake of starch among girls who did not have a blood lipid measurement compared with those who did (56 vs 60 g, P 0.041). There was no association between presence or absence of a blood sample Dietary intakes and blood cholesterol at 31 months IS Cowin et al and the housing tenure or highest educational achievement of the mother.
Anthropometry and nutrient intakes
Among boys, height was positively associated with energy intake (r 0.176, P`0.001) and energy-adjusted protein intake (r 0.193, P`0.001), and negatively associated with the energy-adjusted intakes of total carbohydrate (r À0.144, P 0.015) and starch (r À0.119, P 0.011). BMI was also positively associated with energy intake in boys (r 0.159, P 0.001). Among girls the only signi®cant association was a positive correlation between energy intake and height (r 0.150, P 0.004).
Nutrient intakes and blood lipid concentrations
The blood lipid values of the whole study population have been described elsewhere (Cowin et al, 2000a) . The correlations between nutrient intakes and blood lipid concentrations are shown in Table 1 .
Total and LDL cholesterol
Among boys, total and LDL cholesterol levels were positively associated with the energy-adjusted intakes of total fat and SFA, and negatively associated with the P:S ratio. Total cholesterol was also negatively associated with total carbohydrate and sugar intake. There were no signi®cant associations between total and LDL cholesterol concentrations and nutrient intake in girls.
HDLC and T:HDLC
Among girls, energy intake was positively associated with HDLC and negatively associated with T:HDLC. There were signi®cant correlations between HDLC levels and nutrient intakes in boys; however, there were a number of associations with T:HDLC which mirrored those found for total cholesterol, ie a signi®cant positive association with total fat intake, and a negative association with total carbohydrate.
Multivariate analyses
The results of the multiple regression analysis of nutrient intakes against blood lipid levels in boys and girls are shown in Tables 2 and 3 , respectively. The results have not been included in the table if no signi®cant relationships between a cholesterol fraction and nutrient intakes were found.
Total cholesterol
Among girls no nutrient intakes were found to be signi®-cantly associated with total cholesterol levels in multivariate analysis. Among boys the only signi®cant association was a positive relationship with SFA intake in backwards regression analysis, which explained roughly 4% of the variation in total cholesterol levels.
HDLC
Among boys, there were no nutrients which were signi®-cantly associated with HDLC in multivariate analysis. Among girls, the results depended on the method of regression analysis. In a model including all the nutritional variables, energy was signi®cantly positively associated with HDLC, and PUFA was signi®cantly negatively associated. Backwards regression analysis produced a ®nal model with three predictor variables Ð energy (positively associated), PUFA (negatively associated) and SFA (negatively associated but non-signi®cant, P 0.080).
T:HDLC Among boys T:HDLC was positively associated with SFA (P 0.056); this resembled the associations obtained with total cholesterol. Among girls T:HDLC was negatively associated with energy, positively associated with PUFA and SFA, and non-signi®cantly positively associated with sugar. These relationships were similar to, but the inverse of, the model obtained for HDLC.
Effect of adding anthropometric predictors of blood lipid concentrations
In an earlier analysis we investigated the relationship between current anthropometry and birthweight and blood lipids in these children (Cowin et al, 2000a) . It was found that height was a signi®cant predictor of total cholesterol levels in boys at 31 months, while T:HDLC was marginally positively associated with birthweight in girls. The effect of adding these variables to the ®nal models obtained by backwards stepwise regression is shown in Tables 2  and 3 . There was a negligible effect on the regression coef®cients obtained for the nutritional variables.
Nutrient intakes at the top and bottom of the total cholesterol and HDLC distribution Mean energy and energy-adjusted nutrient intakes among children at the top and bottom of the total cholesterol distribution are shown in Table 4 . Among girls there was no difference in any nutrient intake between those in the top and bottom quintiles for total cholesterol. Among boys, those in the top quintile for total cholesterol had signi®-cantly lower mean intakes of carbohydrate and PUFA, and signi®cantly higher intakes of SFA. There were no signi®-cant differences in nutrient intakes between those in the top and bottom quintiles of HDLC in either sex (data not shown). Energy intakes were slightly higher among girls in the highest quintile for HDLC compared to those in the lowest quintile, but this difference did not reach signi®cance (4740 and 4240 kJ respectively, P 0.089).
Food group intakes and total and HDL cholesterol levels
The main foods and food groups contributing to fat intake at 18 months are shown in Appendix 1. Milk and spreading fats were two of the main sources.
Milk
There were no signi®cant differences in blood lipid levels at 31 months according to the type or volume of milk normally drunk at 18 months (obtained from the dietary diary), or according to the type of milk normally drunk at 2 y of age
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(obtained from questionnaire data). The great majority of children normally drank whole cows' milk at both ages.
Spreading fats
The categories of spreading fats used in the analysis were butter, non-polyunsaturated margarine and polyunsaturated margarine. There were no differences in total or HDLC levels between children who did and did not consume the three different types of spreading fats, except for higher HDLC levels among boys who ate butter (Table 5) . Correlation coef®cients were calculated among those who consumed each type of fat between the weight of fat eaten and blood lipid levels. There was no correlation between the weight of butter or polyunsaturated margarine eaten and total or HDL cholesterol levels in either boys or girls. Among boys, the weight of non-polyunsaturated margarine eaten was positively associated with total cholesterol (r 0.219, P 0.047, n 83), while among girls there was a signi®cant positive correlation between weight of non-polyunsaturated margarine and HDLC (r 0.368, P 0.021, n 39).
Other foods
Total and HDL cholesterol levels according to whether or not the children consumed particular foods are shown in Table 5 . None of the foodsafood groups examined had any apparent effect on total or HDL cholesterol levels among girls. Among boys those children who ate biscuits or chocolate had a signi®cantly higher total cholesterol level than those who did not, while those who ate no vegetables during the dietary recording period had higher HDLC levels than those who did.
There were a number of signi®cant correlations between weights of foods eaten and blood lipid levels. Among boys, breakfast cereals was negatively correlated with total cholesterol levels (r À0.187, P 0.008, n 198), and vegatable consumption was positively associated with HDLC (r 0.162, P 0.047, n 151) and negatively associated with T:HDLC (r À0.165, P 0.046, n 148). Among girls the weight of biscuits eaten was positively correlated with HDLC (r 0.232, P 0.011, n 120) and negatively with T:HDLC (r À0.239, P 0.008, n 120). Meat and meat product consumption by girls was also positively associated with HDLC (r 0.206, P 0.023) and negatively with T:HDLC (r À0.184, P 0.042, n 122).
Discussion
We have found a number of signi®cant relationship between nutrient intake and blood lipid concentrations in these children. Among boys total and LDL cholesterol was positively associated with total fat and SFA intake. Among girls HDLC was positively associated with energy intake, and negatively associated with the intake of PUFA in multivariate analysis. There is also some evidence that total cholesterol concentrations in boys are negatively associated with the intake of total carbohydrate and sugar. There are a number of limitations to this data. Firstly we assessed diet at 18 months, but were unable to obtain a blood sample for lipid analysis until the children were aged 31 months due to a delay in ethical approval. Nutrient intakes tend to track throughout childhood (Payne & Belton, 1992) , and nutrient intakes at 18 months should by highly correlated with intakes at 31 months. However, between 18 and 31 months there will obviously have been some changes in the diet, for example the contribution of milk to nutrient intakes is likely to have been greatly reduced. This delay in measuring blood lipids may explain the lack of association with the type or volume of milk consumed. The young age of the children meant that we were obliged to take a non-fasting blood sample, thus we were unable to investigate the dietary determinants of triglyceride concentrations, and the results we have obtained for LDLC should also be treated with some caution, as they are only available for children with triglyceride levels 2 mmolal, and this group may not be a representative sample. However, the use of a non-fasting lipid sample should have had only a very minor effect on the estimate of total and HDL cholesterol (Wilder et al, 1995) .
We have explained only a fairly small amount of the variation in blood lipid concentrations using nutritional variables. However, while the observed associations between diet and blood lipid concentrations tend to be weak, this does not necessarily re¯ect an unimportant biological relationship. The problems of assessing nutrient intakes are notorious, and there is also considerable error in blood lipid measurement Ð the correlation between repeated plasma cholesterol measurements some time apart within individuals is around 0.7 (Department of Health Report on Health and Social Subjects, 1994). Thus, it is likely that the strength of diet ± blood lipid associations in these children will have been considerably underestimated, particularly taking into account the delay between dietary assessment and measurement of blood lipids.
We found no evidence of a relationship between intake of dietary cholesterol and blood lipids. While the blood cholesterol concentrations of infants are highly responsive to their dietary intake of cholesterol (Darmady et al, 1972; Friedman and Goldberg, 1975) , most studies in adults have found a far weaker relationship (Morgan et al, 1993; Ginsberg et al, 1994) . It has been suggested that the relationship between serum cholesterol and added dietary cholesterol is hyperbolic, ie the effect of adding a ®xed amount of dietary cholesterol becomes progressively smaller as the baseline dietary cholesterol increases (Hopkins, 1992; McNamara, 1995) . Thus, even at moderate baseline dietary cholesterol intake, additional cholesterol would be expected to have only a moderate effect on serum cholesterol (Hopkins, 1992) . In addition, blood lipid responses to a cholesterol challenge appear to be highly variable between individuals (Hopkins & Williams, 1989) . These two factors are likely to have obscured any possible underlying relationship between dietary cholesterol and blood cholesterol in this group.
Epidemiological evidence suggests that a high intake of fruit and vegetables is protective against coronary heart disease. Fruit and vegetables contain a variety of antioxidant vitamins, including vitamin C, and it has been suggested that the negative association of fruit and vegetable intake with coronary heart disease might be due to inhibition of oxidative modi®cation of LDLC. An alternative hypothesis is that fruit and vegetables or vitamin C might directly in¯uence blood lipid concentrations, and a number of crosssectional studies have reported positive associations between vitamin C status or intake and HDLC (Hallfrisch et al, 1994; Jacques et al, 1994; Ness et al, 1996) . However, The nutrients included in the original model were energy and the energyadjusted intakes of saturated, monounsaturated and ln polyunsaturated fat, ln cholesterol, starch, sugar and ln vitamin C. The nutrients included in the original model were energy and the energyadjusted intakes of saturated, monounsaturated and ln polyunsaturated fat, ln cholesterol, starch, sugar and ln vitamin C.
Dietary intakes and blood cholesterol at 31 months IS Cowin et al intervention studies where the diet was supplemented with fruit and vegetables (Zino et al, 1997) or high doses of vitamins C and E (Miller et al, 1997) have found no effect on blood lipid concentrations. We have found no evidence that vitamin C intake or fruit and vegetable consumption is associated with an improved blood lipid pro®le. Vitamin C is a commonly taken dietary supplement (in Britain 19% of 1 1 2 to 2 1 2 -y-olds took dietary supplements, the majority of which contained vitamin C (Gregory et al, 1995) ) and it is possible that the lack of information on supplement composition in this study may have obscured any relationship with blood lipid levels.
Increased intakes of ®bre, and in particular soluble ®bre, have been shown to lower total cholesterol levels (van Horn, 1997; Sheehan et al, 1997) . Among hyperlipidaemic adults this effect has been observed even when the diet is already very low in saturated fat and cholesterol (Jenkins et al, 1993) . However, we have found no evidence that ®bre intake (NSP) has any association with blood lipid concentrations. We were unable to calculate soluble ®bre intake separately, which may account for the lack of association.
The results of our study suggest that the dietary determinants of blood lipid concentrations are different in boys and girls. Speci®cally, it appears that among boys total and LDL cholesterol are most associated with dietary composition, being positively associated with the intakes of saturated fat; among girls it appears that it is HDLC that is mostly affected, being positively associated with energy intake, and the consumption of a number of high-fat foods such as meat and meat products and biscuits. While this difference between boys and girls is intriguing, it needs to be con®rmed by other studies. Differences in the relationship between diet and blood lipid concentrations between the sexes have been shown in several other studies in adults (Gordon et al, 1982; Ness et al, 1996; Frost et al, 1999) , adolescents and children (Glueck et al, 1982; Boreham et al, 1999) and babies (Simell et al, 1999) . In the STRIP study the authors found an intervention diet which lowered saturated fat and cholesterol intake relative to a control group only achieved a signi®cant reduction in total cholesterol levels in boys Ð a ®nding which is in line with our own Ð however, this may have been attributable to the fact that saturated fat and cholesterol intakes by girls were higher than those by boys throughout the trial, while the P:S ratio of their diet was lower (Niinikoski et al, 1996) .
In studies of young children it is common for the data from boys and girls to be analysed together, obscuring any possible differences. It is conceivable that the differences in diet ± blood lipid relationships between boys and girls that we have observed might be the result of differential reporting bias of dietary intakes between girls and boys. However, if that were the case we would expect the diets of boys and girls to be qualitatively different, whereas in fact the differences in reported intake were almost entirely attributable to the slightly greater energy needs of boys Ð nutrient densities of boys' and girls' diets were extremely similar (Cowin et al, 2000b) . These data suggest that gender differences in blood lipid metabolism exist before puberty, and are already present even at this very young age. We have analysed the carbohydrate fraction of the diet as total carbohydrate, total sugar and starch, and found that in girls sugar intake was negatively associated with HDLC in multivariate analysis, while in boys there were signi®cant negative associations between total cholesterol levels and total carbohydrate and sugar intake in univariate analysis. The association between carbohydrate intake and blood lipid levels may be attributable to the reciprocal nature of fat and carbohydrate intakes. However, there is some evidence that other features of the carbohydrate content of the diet, such as the balance of starch and different sugars present (Tillotson et al, 1997) or the glycaemic index (Frost et al, 1999) may be related to cholesterol concentrations. Unfortunately, the database available to us did not allow the investigation of the carbohydrate fraction of the diet in such detail
We have found a signi®cant negative correlation between the amount of breakfast cereal eaten and total cholesterol concentration in boys. This ®nding is in line with the results of several intervention (Kleemola et al, 1999) and observational (Stanton & Keast, 1989; Resnicow, 1991) studies in children and adults and may be explained by the negative correlation between breakfast cereal consumption and the percentage of energy from total and saturated fat. In our study the correlations between cereal intake and energyadjusted total and saturated fat intake were À0.281, P`0.001 and À0.186, P`0.001, respectively in boys, and À0.237, P`0.001 and À0.148, P 0.003 in girls.
HDLC concentrations in girls were signi®cantly positively associated with energy intakes in both univariate and multivariate analyses. This positive correlation was almost unchanged on adjustment for body weight (data not shown), suggesting an association between HDLC and physical activity. A number of other studies have reported associations between physical activity levels or aerobic ®tness and HDLC in school-age children, although it is unclear whether or not this association is independent of adiposity (Yamamoto et al, 1988; Macek et al, 1989; Hager et al, 1995; Simon et al, 1995) . As far as we are aware no studies have investigated the relationship between physical activity levels and HDLC in pre-school children.
The nutrient database only allowed fat intake to be divided into saturated, monounsaturated and polyunsaturated fatty acids, and information on the intake of individual fatty acids was not available. However, it has been suggested that not all saturated fatty acids are equally hypercholesterolaemic, for example there is some evidence that myristic acid has a particularly cholesterolaemic effect, while stearic acid seems not to raise cholesterol levels (possibly because it is rapidly converted to the monounsaturated oleic acid). Information on the likely intakes of trans fatty acids would have been particularly useful. Trans fatty acid intakes have been associated with the risk of CHD (Willett et al, 1993) , although the link remains controversial (ASCNaAIN Task Force on Trans Fatty Acids, 1996; Shapiro, 1997) , and may have a particularly adverse effect on blood lipid pro®les by simultaneously raising LDL cholesterol concentrations and lowering HDLC (Mensink & Katan, 1990 ).
The desirability of increasing PUFA intakes as a method of reducing total and LDL cholesterol levels has been questioned, because of the negative associations between PUFA and HDLC which have been found in a number of studies (Nicklas et al, 1988; Grundy & Denke, 1990; Gregory et al, 1995) . PUFA intake was unrelated to total or LDL cholesterol in our study; however, in girls there was a signi®cant negative association between PUFA intakes and HDLC, and a signi®cant positive association with T:HDLC. It seems, therefore, that higher intakes of PUFA were associated with a generally less favourable blood lipid pro®le among these children.
In this study lower saturated fat intakes were associated with a more favourable blood lipid pro®le in boys. The results of intervention studies such as STRIP (Niinikoski et al, 1996) would suggest that the association is causal. However, it is not clear from these results whether reducing total fat intake would be desirable, particularly in girls. Furthermore, reducing total fat intake is likely to lead to an increase in the energy-adjusted intake of carbohydrate, which was negatively associated with height in boys. Monounsaturated fat intake was unassociated with blood lipid concentrations in this study, so this might make a suitable replacement for saturated fat which would allow the energy-density of the diet to be maintained. These ®gures were derived by calculating the percentage contribution of each food group to food intake in each child, and averaging this over all children.
Appendix 1
Dietary intakes and blood cholesterol at 31 months IS Cowin et al
